Background: Recent guidelines recommend a systolic blood pressure (SBP) goal of less than 150 mm Hg for adults aged 60 years or older, but the balance of benefits and harms is unclear in light of newer evidence.
H
ypertension is a very common modifiable risk factor for cardiovascular morbidity and mortality, affecting up to two thirds of adults older than 60 years (1) . Older adults might also be more susceptible to adverse effects from blood pressure (BP) lowering, including falls, fractures, and cognitive impairment. In 2014, new guidelines increased the treatment goal for adults aged 60 years or older to a systolic BP (SBP) less than 150 mm Hg (2), but the change was controversial and a newer trial has further fueled debate (3) . We conducted a systematic review to examine the balance of benefits and harms of more versus less intensive BP lowering in adults aged 60 years or older.
METHODS
This article was developed to inform guideline development and is part of a larger report commissioned by the Veterans Health Administration (4) . A protocol describing the review plan was posted to a publicly accessible Web site before the study was initiated (5) . studies according to achieved BP (SBP <140 mm Hg). We also conducted analyses with and without trials that achieved minimal between-group differences in SBP (≤3 mm Hg).
We examined trials specifically comparing blood pressure targets of SBP less than 140 mm Hg or diastolic BP (DBP) of 85 mm Hg or lower versus higher targets because these trials most directly address the incremental benefit of treatment intensification in mild hypertension. Finally, we examined secondary prevention of stroke by examining BP treatment effects in studies of patients with prior stroke, but we excluded those of acute management of stroke (<1 week).
Role of the Funding Source
This research was funded by the U.S. Department of Veterans Affairs, Veterans Health Administration, Office of Research and Development, Quality Enhancement Research Initiative. The funding source had no role in study design, conduct, data collection, data analysis, preparation of the manuscript, or the decision to submit the manuscript for publication.
RESULTS
From 11 268 titles and abstracts, we identified 330 articles for full-text review. We included 46 publications representing 21 randomized, controlled trials and 3 cohort studies that contained primary data relevant to the key questions. A flow diagram of the literature yield and the disposition of included studies is presented in the Appendix Figure ( available at Annals.org).
Eight trials compared BP targets (3, (11) (12) (13) (14) (15) (16) (17) , and 13 trials randomly assigned patients to more versus less intensive antihypertensive therapy (18 -30) . Two of the trials included only patients with prior stroke and are considered separately for secondary stroke prevention (15, 23) . Three trials had serious methodological flaws that placed them at high risk of bias (17, 27, 28) , whereas the other 18 trials were judged to have low risk of bias. Because we focused primarily on comparing the effects of more versus less aggressive BP lowering, we conducted sensitivity analyses without 3 trials (2 achieved minimal between-group differences in SBP [≤3 mm Hg], and a third did not report achieved BP) and found similar results (19, 24, 30) . In the following sections on health outcome effects, we present results from the remaining 15 trials (Appendix Table 1 , available at Annals.org). The characteristics of the 6 trials excluded from meta-analysis and the results of the sensitivity analyses are presented in Tables 1 and 2 of the Supplement.
Treatment of Moderate to Severe Versus Mild Hypertension
A large body of evidence from 9 trials showed that intensive BP treatment substantially improved outcomes in patients with moderate to severe hypertension (SBP ≥160 mm Hg) (Figure 1) . Of the trials of patients with baseline SBP less than 160 mm Hg, 2 were treat-to-target trials of patients with well-controlled hypertension that produced discrepant results (3, 11 ). An- 
Achievement of SBP Less Than 140 mm Hg
Overall, studies of patients achieving SBP of above 140 mm Hg had effects similar to those of patients achieving SBP less than 140 mm Hg, though the reduction in stroke risk was larger among studies of patients achieving higher SBP ( Figure 1 of the Supplement). Baseline SBP was at least 160 mm Hg in all 5 studies of patients achieving the higher SBP. Among the 8 studies of patients achieving lower SBP, 6 were treat-to-target studies that are discussed later (3, (11) (12) (13) (14) 16) . The other 2 studies were the aforementioned FEVER and AD-VANCE studies that produced discrepant results (18, 21) .
Trials Comparing Treatment Targets
Six trials evaluated a total of 41 491 patients and found that treatment targets of SBP less than 140 mm Hg or DBP of 85 mm Hg or lower did not reduce mortality (RR, 0.93 [CI, 0.75 to 1.14]), cardiac events (RR, 0.91 [CI, 0.77 to 1.04]), or stroke (RR Figure 2) . Even though these are large trials with low risk of bias, the evidence should be considered low-strength because the results have important inconsistencies, and because the CIs are relatively wide encompassing the possibility of both marked benefit and harm.
It is important to consider the individual trials to better understand the source of inconsistencies. SPRINT (Systolic Blood Pressure Intervention Trial) and the ACCORD (Action to Control Cardiovascular Risk in Diabetes) trial contribute the most weight to these analyses because of their size and the event rates (3, 11) . Mortality rates were very low in the other 4 trials (12) (13) (14) 16) , and cardiac event rates were very low in 3 of them (12, 14, 16 events (RR, 0.88 [CI, 0.74 to 1.04]; I 2 = 4.0%) were no longer significant, but effects on stroke remained largely unchanged (RR, 0.74 [CI, 0.56 to 0.99]; I 2 = 25.8%). Taken together, SPRINT and the ACCORD trial contribute the most to the uncertainty about the true effect of more intensive BP lowering because of their discrepant results. Both trials compared an SBP target of less than 120 mm Hg versus less than 140 mm Hg in patients with well-controlled hypertension and high cardiovascular risk, but SPRINT found marked reductions in mortality and cardiac events, whereas the AC-CORD trial did not. There are several potential reasons that the trials produced different results. The ACCORD trial included only diabetic patients, whereas SPRINT excluded them; the mean age of participants in the ACCORD trial was lower (62 vs. 68 years, though the event rates in both trials were similar); the ACCORD trial was smaller; and SPRINT was stopped early for benefit, which could have exaggerated treatment effects.
Blood Pressure Targets for Secondary Stroke Prevention
One trial included only patients with lacunar stroke and compared SBP targets of less than 130 mm Hg versus 130 to 140 mm Hg (15) . The other trial included patients with prior ischemic or hemorrhagic stroke or transient ischemic attack and randomly assigned them to the addition of an ACEI with or without a diuretic or to placebo (23). 
Harms

General Adverse Effects and Medication Burden
Ten trials reported withdrawals due to adverse events: 4 found a significant increase in the intervention group (most commonly due to cough or hypotension) (18, 23, 26, 30) , whereas 6 did not find an increase (14, 16, 19, 20, 24, 25) . Meta-analysis was not possible because of excess heterogeneity (I 2 = 92.1%). In general, the mean number of medications or the proportion of participants taking multiple medications was higher in the intervention groups, though variation in reporting precludes precise estimates (Appendix Table and Table 1 of the Supplement).
Renal Outcomes
We found low-strength evidence from 13 trials that more intensive BP treatment was not associated with worse renal outcomes, although outcome definitions varied across trials; results were inconsistent; and the rate of significant outcomes, such as end-stage renal disease, was low (Table 3 of the Supplement). Two trials found an increased risk for acute renal failure with more aggressive BP lowering (3, 31).
Cognitive Outcomes
We found moderate-strength evidence from 7 randomized, controlled trials that use of antihypertensive treatment to achieve moderate BP control for up to 5 years does not worsen cognitive outcomes compared with less strict BP control ( Table 4 of the Supplement). The mean age of trial participants ranged from 62 to 83 years, baseline cognitive function was generally normal, and patients in all but 1 trial had achieved SBP of 140 to 150 mm Hg (those in 1 trial had achieved SBP of 119 mm Hg). In 4 trials of patients without a history of cerebrovascular disease, there was no effect on rates of incident dementia (odds ratio, 0.89 [CI, 0.74 to 1.07]) (32) (33) (34) (35) . Another trial of patients with a history of stroke also found no difference in rates of incident dementia (RR, 0.88 [CI, 0.72 to 1.08]) (34). Among the observational studies, 2 found that the lowest rates of cognitive decline were associated with achievement of an SBP of 135 to 150 mm Hg (36, 37) and 140 to 160 mm Hg (38) .
Quality of Life and Functional Status
Overall, we found moderate-strength evidence from prospective substudies of 4 large trials with low risk of bias that use of antihypertensive therapy to achieve moderate BP control (SBP of 140 to 150 mm Hg) was not associated with a deterioration in quality of life compared with less intensive BP control (39 -42) . We found low-strength evidence from 1 large trial with low risk of bias that moderate BP control was not associated with deterioration in functional status compared with less intensive control (39).
Falls, Fractures, and Syncope
We found moderate-strength evidence from 3 large trials with low risk of bias that more intensive BP treatment (SBP targets <120 and <150 mm Hg and achieved SBP <150 mm Hg) did not increase risk for fracture (43, 44) . We found low-strength evidence that more aggressive BP control did not consistently increase risk for falls. Two of the trials found that very aggressive BP lowering (SBP <120 mm Hg) did not increase risk for falls (3, 43) , whereas a third trial found that moderate BP control (SBP <150 mm Hg) was associated with a small increase in risk for falls (26). We found low-strength evidence of increased risk for syncope from more aggressive BP control across 3 trials with achieved SBP ranging from 121.5 to 143 mm Hg (RR, 1.52 [CI, 1.22 to 2.07]) ( Figure 3 of the Supplement).
The Role of DBP
In 15 trials, patients had isolated systolic hypertension (SBP >140 mm Hg with DBP ≤90 mm Hg); there were no trials in which patients had isolated diastolic hypertension (mean DBP >90 mm Hg and mean SBP <140 mm Hg). The achieved DBP was less than 90 mm Hg in all trials. The HOT (Hypertension Optimal Treatment) trial enrolled patients with high DBP (>100 mm Hg) and compared 3 DBP targets (≤80, ≤85, and ≤90 mm Hg) (13 seem to benefit from BPlowering treatment, but these patients also had marked systolic hypertension at baseline (13, 20 -22, 25, 27 ). There was no evidence to assess whether treatment of diastolic hypertension in the absence of systolic hypertension is beneficial.
The only 2 studies of patients with an achieved DBP less than 70 mm Hg found no increased risk for falls, fractures, or cognitive impairment. However, risk for symptomatic hypotension was increased in both trials (3, 11) and for syncope in 1 trial (3). Whether these effects were seen primarily in patients with very low DBP, SBP, or both is unclear.
Modifications by Age and Comorbidity
We found no evidence that age modifies treatment effects: 12 trials found no age-treatment interactions on health outcome effects, and 3 trials found that the rate of harms from more intensive treatment was similar in persons aged 75 years or older and those younger than 75 years ( Table 5 of the Supplement). One study found that the direction of association with age varied by outcome (45) .
We found low-strength evidence of greater absolute treatment effects among patients with high cardiovascular risk and similar relative treatment effects across risk groups. Three of 4 studies reported outcomes according to cardiovascular risk strata and found higher absolute risk reduction in patients in the highest-risk strata (46 -48) . A fourth study found no interaction between risk profile and treatment effect (3).
It is difficult to draw conclusions about treatment effects in diabetic and nondiabetic patients by using study-level comparisons because relatively few studies included only diabetic patients or excluded them and because there are major differences among these studies other than diabetes status. Subgroup analyses from 7 studies suggest that diabetic patients are at least as likely to benefit from BP lowering ( Table 6 of the Supplement).
No studies examined how comorbidity burden modifies BP treatment effects. Patients with a high burden of comorbidity were probably not included in the overall group of studies ( Table 7 of the Supplement). Because we excluded trials examining BP medications for treatment of systolic heart failure or acute myocardial infarction, it is not surprising that 14 trials excluded patients with heart failure and 11 excluded patients with recent cardiovascular events. However, 17 trials excluded patients on the basis of abnormal renal function criteria; 12 excluded patients with cancer or other life-limiting illness; 9 excluded patients according to presence or severity of diabetes; and 15 used criteria that would implicitly or explicitly exclude patients with dementia, diminished functional status, or both. In 2 trials (49, 50), treatment effects did not differ according to frailty status, but these were post hoc analyses and a large amount of data were missing in 1 of the trials (49) .
DISCUSSION
Overall, we found moderate-to high-strength evidence that treatment to current BP targets (<150/90 mm Hg) in patients older than 60 years substantially reduces mortality, stroke, and cardiac events (Table) . Many of these data come from trials in which the mean baseline SBP was greater than 160 mm Hg. Lower targets (SBP <140 mm Hg or DBP ≤85 mm Hg) did not reduce mortality, cardiac events, or stroke compared with higher targets (low-strength evidence). There are few data to directly help distinguish benefits of SBP of 140 versus 150 mm Hg. Most of the trials of patients achieving SBP less than 140 mm Hg were treat-totarget trials. Only 1 trial included patients with baseline SBP of 140 to 150 mm Hg, and it found an improvement in mortality but not in other outcomes (18) . We found moderate-strength evidence that more aggressive BP control (SBP <140 mm Hg) in patients with prior stroke substantially reduced rates of recurrent stroke.
The treat to target trials do not collectively support a lower BP target in the general older adult population. However, there are important differences among these trials, most notably the SPRINT trial which suggests a lower target may be beneficial in select patients. Several issues must be considered in the choice of a lower target. First, there are tradeoffs that patients may weigh differently based on their values and preferences. Tighter control may prevent, on average, roughly 10 events for every 1000 high-risk patients treated over 5 years across a population (Table) . However, more aggressive treatment is likely associated with greater medication burden and higher risk for adverse effects, such as hypotension and syncope. On the other hand, we found that lower targets are unlikely to increase the risk for dementia, fractures, and falls or reduce quality of life.
Second, inconsistent findings make it more difficult to apply trial results broadly. The most important inconsistencies are between the ACCORD trial and SPRINT, both of which enrolled patients at high cardiovascular risk and targeted SBP less than 120 mm Hg but reached different conclusions (3, 11) . It is unclear which differences in study design or patient population are responsible for the discrepant findings: The ACCORD trial included only diabetic patients whereas SPRINT excluded them, and SPRINT was a larger study with older patients but was stopped early for benefit.
Third, there is little direct evidence to guide choice of target within the SBP range of 120 to 140 mm Hg. A substantial proportion of intervention patients in SPRINT achieved an SBP of 120 to 130 mm Hg, though the target was less than 120 mm Hg and the mean achieved SBP was 121.4 mm Hg.
Fourth, the evidence for lower treatment targets applies to patients at high cardiovascular risk. SPRINT enrolled only patients with known cardiovascular dis- Mixed findings: 3 trials found no effect of lower BP targets on risk for fracture. 2 trials with an SBP target of 120 mm Hg found no effect on risk for falls, whereas a third (with achieved SBP <150 mm Hg) found a small increase in risk for falls. Falls: 3 RCTs 17 196 --Low (falls) -
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Intensive Blood Pressure Treatment in Adults Aged 60 Years or Older REVIEW ease or a 10-year Framingham risk score of at least 15%. Individual patient-level data suggest that the absolute treatment benefits are substantially larger in those with higher cardiovascular risk (6, 51) . The degree to which an individual patient will benefit from more intensive treatment likely depends on their risk profile, but existing risk calculators may substantially overestimate risk and, therefore, the absolute expected benefit (52).
Finally, it is critical to consider that small variations in BP measurement technique can have large effects, though the degree to which these variations change BP for an individual patient is impossible to predict (53). Most trial protocols specified measurement of BP while the patient was seated after 5 minutes of rest; clinicians should follow similar procedures.
We found no evidence examining how multiple comorbidities (which may lead to burdensome therapy ARR = absolute risk reduction; BP = blood pressure; DBP = diastolic blood pressure; NA = not applicable; RCT = randomized, controlled trial; RR = relative risk; SBP = systolic blood pressure. * We estimated events prevented by applying the summary RR from meta-analyses to observed control group event rates that were standardized to 5 y. Because poorly controlled BP itself contributes to cardiovascular risk, we used different control group event rate data from the 2 most contemporary trials for each set of analyses. We used data from HYVET (Hypertension in the Very Elderly Trial) (22) to estimate event rates in the higher baseline BP analyses and from SPRINT (Systolic Blood Pressure Intervention Trial) (the older age subgroup, because the mean age was comparable to that in HYVET) for the treat-to-target analyses (50) . † The overall quality of evidence for each outcome is based on the consistency, coherence, and applicability of the body of evidence and the internal validity of individual studies. "High" indicates that further research is very unlikely to change our confidence on the estimate of effect. "Moderate" indicates that further research is likely to have an important effect on our confidence in the estimate of effect and may change the estimate. "Low" indicates that further research is very likely to have an important effect on our confidence in the estimate of effect and is likely to change the estimate. "Insufficient" indicates that any estimate of effect is very uncertain. ‡ The analyses presented here are of trials of patients with a baseline SBP ≥160 mm Hg. The achieved SBP in 3 of the trials was <140 mm Hg, but these studies contributed relatively few events. Achieved SBP in all other studies was ≥140 mm Hg. § Most of the evidence comes from trials in which the baseline SBP was ≥160 mm Hg and the achieved SBP was 140 -150 mm Hg. These are large trials providing consistent evidence and a precise summary estimate. ͉͉ All trials that tested strict vs. less strict BP targets in which the target BP in the intervention group was SBP <140 mm Hg or DBP <85 mm Hg, or even lower.
regimens and adverse medication interactions) modify BP treatment effects. Although recent substudies from SPRINT and HYVET (Hypertension in the Very Elderly Trial) suggest that patient frailty does not modify treatment effects (49, 50) , few data remain to apply to patients who are institutionalized, have dementia, or have significant multimorbidity. Our review adds to the literature by focusing on older adults, comprehensively examining short-and long-term harms, and analyzing studies that directly compared treatment targets. Prior meta-analyses have focused on other populations and have not included newer studies (54, 55) . Although these analyses have found benefit from more aggressive BP treatment, they also found that most of the benefit was seen in higherrisk patients or those with higher baseline BPs. A more recent meta-analysis found that treatment with antihypertensive medication improved outcomes down to an SBP less than 130 mm Hg and effects did not differ on the basis of cardiovascular risk, but it included a broad array of studies, including studies of normotensive patients (56) .
Several limitations must be considered. Most important, the differences among trials in treatment, patient population, and secular changes in cointerventions should temper the use of meta-analytic estimates alone to understand treatment effects; it is important to consider summary estimates in addition to a qualitative consideration of trial differences. We emphasized analyses based on baseline BP and treatment target comparisons because we felt that these paralleled clinical treatment choices and reliance on analyses based solely on achieved BP can be misleading (57), but we acknowledge differences of opinion with regard to these choices. Finally, we were unable to determine how choice of medication class influenced results, though we did not find a pattern of differential results according to medication type, which is consistent with a prior individual patient-level meta-analysis of BP treatment trials (not confined to older adults) (51) .
In conclusion, lowering BP in adults older than 60 years reduces mortality, stroke, and cardiac events. The most consistent and largest effects were seen in studies of patients with higher baseline BP (SBP ≥160 mm Hg) achieving moderate BP control (<150/90 mm Hg). Lower treatment targets (<140/85 mm Hg) may be beneficial for some patients at high cardiovascular risk based on the findings from 1 trial that targeted SBP less than 120 mm Hg and in which most intervention patients achieved SBP less than 130 mm Hg. In patients with cerebrovascular disease, more aggressive BP lowering (SBP <140 mm Hg) likely reduces recurrent stroke. Lower treatment targets are associated with higher medication burden and an increased risk for short-term harms, such as hypotension. On the other hand, evidence that there is not an increased risk for cognitive impairment, falls, and reduced quality of life may provide flexibility for providers in crafting an individualized antihypertensive treatment plan. There are few data to assess the risks and benefits of antihypertensive treatment among institutionalized elderly patients or those with multiple comorbidities. Mean: 3.8
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